Heat-shock induced tolerance to the embryotoxic effects of hyperthermia and cadmium in mouse embryos in vitro.
Mammalian embryos growing in vitro are harmed by short elevations in the culture temperature. However, a relatively mild hyperthermic exposure can induce thermotolerance, a transient state of resistance to the effects of a subsequent heat exposure. The present study examines the induction of tolerance to heat and cross-tolerance to another teratogen, cadmium, in day 8 CD-1 mouse embryos in vitro. The ability of a mild heat pretreatment (5 min at 43 degrees C) to partially protect embryos against an embryotoxic heat exposure (20 min at 43 degrees C) was demonstrated. The frequency of death was reduced from 43% to 20%, abnormal branchial arches from 44% to 13.2%, and retarded turning from 22% to 5% in pretreated embryos. Other malformations, such as small forebrains and microphthalmia, were not affected, and the rate of exencephaly was significantly increased. The same heat pretreatment (5 min at 43 degrees C) was also found to reduce the damaging effects of a subsequent exposure to 1.75 microM cadmium. In the absence of pretreatment, cadmium caused 55% embryo deaths and 87% malformations, but prior heat exposure caused significant reductions in these frequencies to 29% and 55%. The total morphological score was higher in the pretreated group, as were the measurements of the yolk sac diameter, crown-rump length, and head length. Thus, embryos that have developed resistance to hyperthermia are also partially protected against the harmful effects of a second teratogen, cadmium. The response of the embryo to elevated temperatures may be involved in the development of tolerance to a variety of stresses.